Abstract-Multihop networks provide a flexible infrastructure that is based on a mixture of existing access points and stations interconnected via wireless links. These networks present some unique challenges for video streaming applications due to the inherent infrastructure unreliability. In this paper, we address the problem of robust video streaming in multihop networks by relying on delayconstrained and distortion-aware scheduling, path diversity, and retransmission of important video packets over multiple links to maximize the received video quality at the destination node. To provide an analytical study of this streaming problem, we focus on an elementary multihop network topology that enables path diversity, which we term "elementary cell." Our analysis is considering several cross-layer parameters at the physical and medium access control (MAC) layers, as well as application-layer parameters such as the expected distortion reduction of each video packet and the packet scheduling via an overlay network infrastructure. In addition, we study the optimal deployment of path diversity in order to cope with link failures. The analysis is validated in each case by simulation results with the elementary cell topology, as well as with a larger multihop network topology. Based on the derived results, we are able to establish the benefits of using path diversity in video streaming over multihop networks, as well as to identify the cases where path diversity does not lead to performance improvements.
Related Work
From the application-layer perspective, path diversity emerged as an efficient mechanism for providing robustness in video communications [2] , [6] , [7] , [8] , especially when node or path failures occur [9] . Path diversity involves the adaptive selection of two or more network paths for the transmission of each video packet using an overlay network infrastructure [14] at the application layer. Although previous work applies path diversity with nonscalable multiple-description coding (for example, see [2] and [7] ), we utilize path diversity and scalable video coding [16] . Our solution has low complexity and provides the opportunity to introduce redundancy postencoding at the packet level. Hence, source coding efficiency is not sacrificed for the sake of robustness and redundancy can be added on the fly during the streaming process. Moreover, if additional complexity is permitted, this approach can be combined with forward error correction mechanisms for additional efficiency [10] . Although prior work showed the benefits of path diversity under various transmission scenarios, its merits under realistic cross-layer protection mechanisms (and, in particular, for the case of wireless multihop networks) are largely unknown. Given the fact that crosslayer frameworks for real-time video streaming over ad hoc wireless networks also exhibit significant improvements in robustness over single-layer optimization at the application layer [1] , [5] , [18] , we believe that the investigation of path diversity for video streaming under a realistic cross-layer optimization framework is a significant open challenge.
Proposed Solutions for Multihop Video Streaming with Path Diversity
In this work, we address this problem by utilizing distortion-optimal packet prioritization at the application layer (derived by state-of-the-art scalable video coding [16] ) in order to make optimal packet ordering and optimal retransmissions at the MAC analytically tractable [17] . In this paper, an operational distortion model for scalable coded bitstreams is proposed (Section 2.2) in order to prioritize the packet transmission of each video flow according to the importance in the decoded video quality. Given this strict prioritization for the packets of each video flow, our solution optimally decides among several choices for path diversity, the number of packet retransmissions at the MAC, and the optimal link adaptation strategy (that is, modulation scheme [19] , [20] ) at the physical (PHY) layer. Based on the knowledge of local network conditions, we select an elementary network topology that suits our multihop network simulation and analytically derive the optimal streaming parameters for the various layers of the protocol stack. The proposed approach is then generalized across the entire multihop topology in order to obtain locally optimal streaming solutions. Based on the proposed framework, we are able to address several open questions:
1. whether the optimized application-layer path diversity provides additional benefits over conventional retransmission schemes at the MAC and link adaptation at the PHY in the scenario that no link failure happens, 2. how many packets (if any) should use path diversity in the case of link failures, and 3. how close a cross-layer optimized approach with path diversity is to the performance limit, which assumes exact knowledge of the instantaneous multihop network conditions and the link-failure occurrences and adaptively chooses a network path based on this knowledge.
Network Topology, Routing, and MAC-Layer Assumptions
We assume that link failures occur due to sudden bursts of severe interference, for example, due to node mobility. In addition, we assume that a predetermined transmission opportunity interval is reserved for each video flow on the various network nodes, following the concepts of Hybrid Coordination Function (HCF) Controlled Channel Access (HCCA) mechanisms of IEEE 802.11e [4] . We envisage that such a reservation mechanism can be deployed and controlled either by a central coordinator in the multihop network [11] or by a distributed solution using an overlay network infrastructure [12] , [13] . In this way, the available resources can be determined based on the video flows sharing the network and their QoS requirements. In particular, we assume that the mesh network topology is fixed over the duration of the video session (barring failures) and that, prior to transmission, each application (video flow) reserves a predetermined transmission opportunity interval, where contention-free access to the medium is provided. 1 This reservation can be determined based on the number of flows sharing the network. Although the design of such a coordination and reservation system is an important problem and it affects our results, recent work [11] , [12] , [13] showed that the scheduling of multiple flows in the context of a mesh topology can be done such that the average rate for every flow is satisfied and the interference to neighboring nodes is minimized [11] . In our paper, we adopt a similar overlay network solution that operates at the application layer, spanning the various IEEE 802.11e wireless cells. Once the available network infrastructure to the video streaming session has been established, we assume that an overlay network topology can convey (in frequent intervals) information about the expected bit error rate (BER), the queuing delay for each link, and the guaranteed bandwidth under the dynamically changing modulation at the PHY. This overlay infrastructure can also minimize the probability of additional delays and link failures by adaptively routing the video packets. Several examples of such application-layer overlay networks have been proposed in the literature [12] , [14] .
Finally, we assume that the application layer of every node in the multihop network relies on an overlay infrastructure [14] that can 1. route video packets via selected links to the destination node and 2. convey information about the expected BER, the queuing delay for each link, and the guaranteed bandwidth under link adaptation from the neighboring nodes in the network topology [5].
Paper Organization
The paper is organized as follows: Section 2 defines the scenarios examined in this work and provides the necessary definitions and formulations for the expected bandwidth, transmission error rate, and the expected delay for streaming under various network paths. Section 3 presents the cross-layer optimization problem for the different cases that potentially involve path diversity and link failures and analyzes the performance of the proposed scheme under each scenario. Section 4 presents simulation results and validation for the theoretical study. Our conclusions are presented in Section 5.
PROBLEM FORMULATION

Topology Specification and Parameter Definitions
The wireless multihop network topology between the video server (sender) and the client (receiver) can be expressed by a connectivity structure P with M paths, that is, , with l i;j being the jth link of path p i . An example is given in Fig. 1 , where two possible paths from sender n0 to receiver n6 are highlighted. We assume that all utilized paths from sender to receiver are determined beforehand, for example, during the video-session configuration setup, following conventional route discovery algorithms. Assuming that a timereservation mechanism following the IEEE 802.11e principles is deployed at the MAC layer, the transmission opportunity duration is preestablished for each link l i;j (1 i M, 1 j w total i ) based on a negotiation scheme, for example, via node resource exchange strategies moderated by a central coordinator. Thereafter, the guaranteed bandwidth gðl i;j Þ of link l i;j can be determined based on the allocated transmission opportunity duration [5] . In addition, the experienced signal-to-interference-noise ratio (SINR) sðl i;j Þ can also be derived following previous channel estimation approaches [19] , [20] . We augment the SINR estimation at the PHY layer with the link-failure probability fðl i;j Þ, which represents the expected failure probability for the duration of the video streaming session. Even though link failures may be short-lived, it is safe to assume that all video packets on a failed link are lost during the occurrence of a failure due to the stringent delays of typical video streaming applications. In total, we define the state vector for each link l i;j as
In our work, we assume that each node can actively monitor the state vector of each outgoing link. However, link state information beyond the immediate neighborhood can only be estimated. This follows the notion of network "horizons" introduced in our recent work [5] . An example of this principle is pictorially shown in Fig. 1 for the sender node n0. Based on this assumption, all network conditions (for example, available bandwidth or packet loss rate) beyond the links of the sender node are expressed as statistical expectations, and their exact value during the network simulation is unknown.
Video Source Characteristics
At the application layer, the video stream to be transmitted is encapsulated in a sequence of video packets. Each video packet v is characterized by its deadline d deadline v , the packet size L v , and the induced distortion reduction Á v at the video decoder. These parameters are communicated from the application to the MAC layer following a multitrack hint specification [15] . The packet deadline ensures that each node will forward the packet only if it is still useful atthe decoder; otherwise, the video packet is dropped. Thepacket size is useful during the transmission delay estimation and the error probability calculations, as it will be shown in Section 2.3. Finally, the distortion reduction is a utility metric that enforces appropriate prioritization strategies for each video packet for MAC-layer scheduling and retransmission. Following recent state-of-the-art scalable video coding schemes [16] , an additive distortion model can be used to associate distortion reductions to the video packets belonging to a Group of Pictures (GOP) with the same deadline. 2 
where and are modeling parameters that depend on sequence characteristics and the encoding parameters. As it will be illustrated in the experimental part of the paper, this model can approximate the measured distortion reduction for a variety of video sequences encoded by a wavelet video encoder by the appropriate selection of and for each GOP. Notice that the strict distortion reduction prioritization expressed by the monotonic function of (2) 
Expected Transmission Error Probability and Delay Estimation at the MAC Layer
Based on the above definitions, the MAC-layer probability of error for packet v of size L v bits over link l i;j can be given as
where eðl i;j Þ expresses the MAC-layer BER of link l i;j , which can be estimated based on the chosen modulation mðl i;j Þ and the observed SINR sðl i;j Þ [19] , [20] . Similarly, the probability of error for one transmission over path p i is 
Thus, the average end-to-end delay of a packet with size L v over p i is
where T overhead accounts for the delay and protocol overheads involved in the packet transmission. The last equation derives the end-to-end delay estimate by joining all links of path p i via the summation terms, thereby forming a "virtual" link from the sender to the receiver node in the multihop network. We follow this approach since the maximum number of retransmissions T max p i required on each path p i can only be defined from end to end based on the maximum permissible delay from the sender node to the receiver. We remark that, in our experiments, the retransmission limit for any part of a path or even for one link l i;j is set equal to T max p i since, in principle, all possible retransmissions (until the MSDU expires due to delay violation) could occur at an individual link. Following the analysis of (4)-(7), it is straightforward to define the average MSDU transmissions and the expected delay for subpaths that include only a subset of links or even for an individual link. This will be proven to be very useful for some of the derivations.
With the knowledge of the packets scheduled for transmission over a certain link l i;j , denoted by v queue ðl i;j Þ, we can calculate the queuing delay for that link. For each packet w in v queue ðl i;j Þ, the product of the expected number of transmissions of the packet (given by (6)) with the transmission duration gives the average delay to transmit the packet under the particular network conditions (quantified by bandwidth gðl i;j Þ and packet loss rate e p i ðL w Þ from (4)). The result is
Elementary Cells in Multihop Wireless Networks-A Divide and Conquer Strategy
Although the estimations of packet error probability and delay of the previous section may be accurate for the outgoing links of each node, the uncertainty introduced for remote links in the multihop topology, combined with the approximations 3 necessary for making practical predictions based on (5) 
PATH DIVERSITY STUDY IN ELEMENTARY CELLS
Proposed Cross-Layer Optimization for an Elementary Cell without Link Failures
To realize the optimal packet diversity within each elementary cell under no link failures, we introduced a new network-aware distortion reduction metric Á Our overall objective is to maximize the expected distortion reduction at the destination node of each elementary cell under the constraint of limited network resource and the deadline constraint of the video streaming application. Similar to our previous work [5] , this is achieved by finding the "best path" as well as the crosslayer parameters for the link corresponding to that path:
where v schedule ðn0Þ is the set of nonexpired packets in the buffer of source node n0. The expected end-to-end delay of the path should be smaller than the deadline of the packet; otherwise, the packet is dropped. This constraint can be expressed as 8v; and 8p i 2 P : N
Notice that the bandwidth limitation of each link is only considered in the constraint of (11) and is not explicitly expressed in the optimization of (10) since each video packet is transmitted at the MAC layer until an acknowledgment is received or the delay deadline for the video packet is reached. The algorithm in Fig. 4 can be deployed at the source node of each elementary cell in order to solve (10) under the constraint of (11). Note that, if multiple copies of the same packet come into the queue of an elementary cell source node from previous cells, we retain only one packet for transmission within the current cell. Finally, if the source node can utilize more than one cell, such as in the case in Fig. 3a , the algorithm in Fig. 4 is applied for all available outgoing links and, once a path has been chosen, the packet is considered within the corresponding elementary cell.
Theoretical Analysis of the Failure-Free Case
Under the optimization of (10), if the two paths have unequal error probabilities, then the path p i with the lower error probability will be used to transmit packets, which will lead to a larger queuing delay for that path and, thereby, a smaller value for N max p i (from (11)). Thus, the term ½1 À e p i ðL v Þ N max p i will decrease and, eventually, the alternate path p 3Ài in the elementary cell will be chosen. Consequently, in the steady-state operation of each elementary cell, we may assume that
where L v is the nominal (average) packet size and
Notice that N max p i ðL v Þ can be determined based on (11) under the equality condition.
Estimation of the Average Number of Successfully
Transmitted Video Packets 
where We can now establish the expected number of transmitted packets in the duration of one GOP (that is, under the transmission deadline) as
Distortion Reduction under Failure-Free Transmission with and without Path Diversity
Given that S GOP packets are transmitted, based on the predetermined distortion prioritization scheme, the received distortion reduction when no link failure happens and without path diversity is given as
4. Equation (12) does not hold only under the trivial case when the capacity of one path is sufficient to transmit all the video packets (under the same deadline) with a smaller error probability than that of another path. In this case, no path diversity is beneficial. where we utilized the proposed packet distortion reduction model of (2) .
Under the use of path diversity, before attempting to retransmit packet v over the alternate path, we assume to have transmitted k dp subsequent packets, that is, packet v þ 1 to packet v þ k dp , whose distortion reduction is greater than Á r v calculated in Step 8 in Fig. 4 . Obviously, k dp depends on the distortion reductions fÁ vþ1 ; . . . ; Á vþk dp g and Á r v . In the steady state, if packet v is to be attempted over one path, it has a priori expected distortion reduction (that is, distortion reduction without knowing if an acknowledgment will be received or not)
since both paths are balanced. We can compute an estimate of k dp by equalizing Á r v of packet v expressed by (20) with the (initial) distortion reduction of packet v þ k dp :
which gives
Under the steady-state assumption, the derived k dp of (22) expresses the average number of packets between the original transmission of packet v and its retransmission over the alternate path. Eventually, all initial packets of the current GOP will be retransmitted to the alternate path except for the last packets fS GOP À k dp ; . . . ; S GOP g, which will expire before they can be replicated in the alternate path. In addition, in the steady-state case, each path is expected to successfully transmit S GOP 2 packets in total. Hence, in the path diversity case with no link failures, the expected number of successfully received unique (that is, nonreplicated) video packets from both paths is
Consequently, the received distortion reduction for the path diversity scheme can be calculated by
The comparison between the cases with no diversity and the case where path diversity is used can be performed by comparing Á GOP ffail-free; diversityg from (24) and Á GOP ffail-free; no-diversityg given in (19) . The theoretical comparison reveals that path diversity will never increase the expected distortion reduction at the decoder since Á GOP ffail-free; diversityg > Á GOP ffail-free; no-diversityg iff k dp > S GOP :
However, from the definition of k dp , k dp S GOP . Consequently, path diversity should not be used under the crosslayer optimization in Fig. 4 when no failures occur in the multihop elementary cell. This conclusion is experimentally validated by our simulations and the corresponding analysis in Section 4. Section 3.3 examines the usefulness of path diversity under the occurrence of random link failures in the elementary cell topology.
Retransmission and Path Diversity Optimization in the Case of Elementary Cells with Link Failures
Under the occurrence of link failures beyond the horizon of the elementary cell topology, one cannot estimate the remaining distortion reduction for each packet in a reliable manner since this packet may be dropped in the intermediate node of the elementary cell topology. Hence, instead of using path diversity for a video packet based on the acknowledgment of the original packet transmission, we de facto retransmit a certain percentage of the most important video packets on both paths. Consequently, the algorithm in Fig. 4 is also applied for this case but with the modification that the original distortion reductions are used, that is, Step 10 in Fig. 4 is not applied. Moreover, the Á 100 percent most important packets ð0 < 1Þ in terms of distortion reduction are attempted on both available links in the elementary cell topology. The analysis in this section derives the dependency of with the expected distortion reduction at the destination node.
For the theoretical study of this approach, the expected distortion reduction of the retransmission scheme in the case of link failures can be evaluated as 
TONG ET AL.: DISTORTION-DRIVEN VIDEO STREAMING OVER MULTIHOP WIRELESS NETWORKS WITH PATH DIVERSITY
To simplify the notation, we define the expected number of packets transmitted through path p i in the duration of one GOP as 
After some straightforward manipulations, the distortion reduction expression of (30) is simplified to
where 
By setting the first derivative of Áffailure; diversityg to zero, we obtain the (optimal) percentage of video packets using path diversity that is expected to maximize the distortion reduction under path failures:
Notice that the last expression gives the optimal packet diversity percentage as a function of the distortion reduction model ðÞ and the constants of (31), which are expressing the expected failure conditions. However, the optimal value Ã is invariant to the scaling parameter of the distortion model since all the video packets are equally influenced by it. Although analytically tractable, video streaming following the elementary cell approach may lead to locally optimal solutions that do not correspond to the globally optimal video streaming approach that considers the network parameters for the entire multihop topology. However, one will need to cope with the large uncertainty in the parameter estimation when the entire multihop topology is considered due to frequent variations in the link conditions in wireless multihop networks. Although this may be partially alleviated if the sender node receives frequent updates for each link's condition, such an approach may incur significant bandwidth overheads and delays. The elementary cell approach provides the intermediate solution, that is, high performance with reasonable feedback requirements about the network status. However, since the performance gap from the end-to-end optimized solution may become significant when large topologies are considered in the following section, we quantify the performance of the elementary cell approach against the upper bound "oracle" approach that assumes instantaneous feedback about the link conditions of the entire network (including precise knowledge of link failures) and applies the cross-layer optimization of Fig. 4 for the entire topology.
Extensions to Large Topologies
SIMULATION RESULTS
In our experiments, we used a fully scalable codec [23] and the produced bitstream for each video sequence was extracted at an average bit rate of 2 megabits per second (Mbps) for CIF resolution sequences at 30 frames per second. Based on the rate-distortion hint track specification [15] , each video bitstream was packetized into MSDUs of data payload no larger than 1,000 bytes. Each GOP was set to 16 video frames. The end-to-end delay for the MSDUs of each GOP was set to 0.533 sec, which corresponds to the replay duration of one GOP (at 30 Hz) and is also an acceptable latency for the majority of real-time video streaming applications.
For the experimental study of the elementary cell topology, we simulated the case of the multihop network shown in Fig. 2a . Moreover, we also considered the larger multihop network in 
Validation of the Video Packet Distortion
Reduction Model Under the proper selection of the model parameters for each GOP (that is, a and of (2)), we always obtain a sufficient approximation of the distortion reduction for each packet. In addition, a piecewise distortion model can provide even higher accuracy, as shown in the example in Fig. 5b . In this case, the packets of each GOP are divided into I G groups, and each group is approximated by the proposed model: 
Experimental Results and Model Validation for Failure-Free Elementary Cells
In our first round of experiments, we separated our analysis into two cases corresponding to low and high average bandwidth for the video transmission. Thereafter, we examine a balanced and an unbalanced topology (in terms of estimated available bandwidth for each path). Representative results for the first case are shown in Table 1 . The average guaranteed bandwidth and average packet loss rate of each link displayed in the table were calculated based on the average SINR and the corresponding modulation scheme for the average interference case, although different modulations were utilized during the simulation of the MSDU transmission using link adaptation at the PHY layer [19] , [20] . Although the channel conditions vary depending on interference, we find that, even with unbalanced packet errors for the two paths, the received packets are evenly distributed over the two paths under the scenarios in Table 1 . This is because we incorporate the queuing delay in the evaluation of N max p i in (11), and this affects the expected packet loss of the optimization function of (10). Hence, if too many packets are transmitted over one path, the queuing delay of this path will grow, which will result in a lower maximum packet retransmission limit and, thus, a larger path error rate. Then, the sender node will switch to the alternate path.
The second set of our experiments is outlined by the representative results in Table 2 . In scenario 1, we found that on average there are 82.15 packets transmitted over path 1 and 21.55 packets transmitted over path 2; thus, the load is distributed over the two paths according to the path bandwidth ratio. Similar results are observed for the scenario with larger error rates, different bandwidths, and packet size variation. The results in Tables 1 and 2 indicate that the proposed theoretical estimation captures the average simulated behavior accurately.
Concerning the case of path diversity in the failure-free elementary cell topology, our simulation validated that it is not a beneficial approach. In fact, we observed that the proposed algorithm in Fig. 4 very rarely (if ever) selects to retransmit a video packet on the alternate path, which We indicate the average received number of packets and the normalized distortion reduction measured from the simulation and estimated from the proposed formulation.
TABLE 2 Comparison between Simulation Average and Theoretically Estimated Results for Unbalanced Elementary Cells
We indicate the average received number of packets and the distortion reduction measured from the simulation and estimated from the proposed formulation.
agrees with the derived theoretical outcome of (25). In order to elaborate further on why the proposed algorithm does not use the option of path diversity, Fig. 6 examines the relationship of the theoretically predicted value of k dp from ( is defined based on (11)), the theoretical value of k dp is larger than the retransmission limit N max p i for each path p i . These results indicate that, in failure-free multihop topologies and under a persistent MAC retransmission framework that attempts to transmit the most important MSDUs (in terms of distortion reduction) until the delay deadline is reached, path diversity does not provide an improved distortion performance, that is, it does not lead to higher distortion reduction at the decoder.
Experimental Results and Model Validation in Elementary Cells Exhibiting Path Failures
We consider again the low-bandwidth elementary cell indicated in the low-bandwidth case in Table 1 . All undetected failures occur in the dotted links and they are handled by using path diversity as explained in Section 3.3. Although failures may also occur in the link connected to the source node n0, they are easily detected by the source node and, then, this case essentially becomes a single-path transmission problem. Hence, we focus our experimental study on failures for the "unknown" part of the multihop elementary cell, that is, beyond the first link of each path. Fig. 7 shows the theoretically expected distortion reduction at the destination (decoder) node as a function of Effðl 1;2 Þg (which is equal to Effðl 2;2 Þg for this analysis) and the percentage of diversity. Clearly, when Effðl 1;2 Þg ¼ 0, this case rolls back to the previous situation, and using path diversity will always lead to lower distortion reduction compared with the no-path-diversity scheme (and the expected distortion reduction is monotonically decreasing as the percentage of packets using path diversity increases). However, it appears that, even for modest values of Effðl 1;2 Þg, packet diversity can achieve higher distortion reduction if the percentage of packets using diversity is chosen carefully. The theoretical curves in Fig. 7 clearly demonstrate that there exists a maximum value for the percentage of packets using path diversity, which was expressed in the conclusion of our analysis by (35). In addition, when path diversity is selected beyond the optimum point, although the average distortion reduction will decrease, the variance of the decoded video quality will also decrease, since fewer video packets are sacrificed during the occurrence of a link failure.
The at the decoder is reduced by increased percentages of packets using path diversity.
Concerning the high-bandwidth case in Table 1 , the behavior under path failures is somewhat different than in the case of low bandwidth. In the former case, there is sufficient bandwidth to transmit the most important packets of each GOP on both paths. Consequently, even when a large number of video packets use path diversity, there is no considerable decrease in average distortion reduction, as shown in the theoretical comparisons in Figs. 10, 11 , and 12. Simulation results verify this fact and we find that, as the percentage of diversity becomes large, the received distortion reduction becomes very stable and the variance is negligible in these cases.
Experimental Results for Larger Multihop Topologies
We consider the entire multihop topology in Fig. 3 Overall, the results indicate that our localized optimization mechanism within overlapping elementary cells consists of a good approximation of the globally optimal solution that assumes exact knowledge of the network conditions and link failures for the entire network. In addition, in this case, the main benefit of using path diversity appears to be the reduction of the expected variance of the distortion reduction at the destination node.
We validated these results by measuring the peak signalto-noise ratio (PSNR) for two typical Common Intermediate Format (CIF) video sequences under the simulation conditions in Table 3 , as well as the average percentage of lost video frames. Since the quality of a lost video frame depends on the error concealment strategy applied at the decoder side, the percentage of lost video frames was quantified based on the number of video frames with PSNR lower than 26 dB, which indicates that the video frame appears with severe distortion. The results indicate that path diversity is beneficial when link failures are frequent. Moreover, a higher percentage of video packets utilizing path diversity ensures that fewer video frames are severely distorted.
CONCLUSIONS
Wireless multihop networks may emerge as important infrastructures for video streaming applications. In this paper, we investigated the performance of such streaming applications under a cross-layer optimization framework that attempts to cope with rapidly varying network conditions and even complete link failures. Our approach splits the video streaming problem into independent transmission problems within overlapping "elementary cells" in the multihop network. Each cell represents an elementary multihop topology that enables cross-layer optimization with path diversity.
By utilizing state-of-the-art video coding with predetermined distortion reduction prioritization for each video packet, we modeled and analyzed the expected performance of the proposed framework under a variety of conditions. Our theoretical derivations demonstrate that, under the proposed cross-layer optimization framework, path diversity is not beneficial when link failures are not expected in the wireless multihop infrastructure. On the other hand, path diversity is a useful approach for lowbandwidth transmission over multihop networks if the percentage of video packets utilizing diversity is chosen carefully. Finally, for larger multihop topologies, the main benefit of utilizing path diversity appears to be the stabilization of the decoded video quality. In this case, the accurate choice of the percentage of video packets to use path diversity is not so critical. Our conclusions are supported by simulation studies with a variety of video sequences and a variety of network configurations. The simulation results additionally indicated that the proposed approach of using elementary cells performs close to the upper bound that considers the entire network topology during the cross-layer optimization and assumes instantaneous feedback about the link conditions. . For more information on this or any other computing topic, please visit our Digital Library at www.computer.org/publications/dlib.
